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The method of Ptolemy (ca. 150) for finding the time from mean syzygy (i.e., conjunction 
or opposition of the Sun and the Moon) to true syzygy is compared with some methods in 
the Alfonsine corpus, notably those of John of Saxony (ca. 1330) and Nicholaus de Heybech 
(ca. 1400). John of Saxony depended on what we call a differential method which he intro- 
duced for computing “instantaneous” velocity at a time near syzygy, and Nicholaus de 
Heybech solved this problem with a “user-friendly” table that was as accurate as the 
algorithms of his predecessors. This case study illustrates that medieval astronomers could 
make significant contributions without modifying the underlying models for the motions of 
the celestial bodies. 0 1992 Academic Press. Inc. 
Dans ce travail, les auteurs cornparent la methode de PtolCmCe (ca. 150) permettant de 
dCterminer le temps de la syzygie moyenne (conjonction ou opposition moyenne entre le 
Soleil et la Lune) et la syzygie vraie avec d’autres methodes d&rites dans le corpus alphonsin, 
notamment celles de Jean de Saxe (ca. 1330) et de Nicholaus de Heybech (ca. 1400). Jean 
de Saxe s’est appuyC sur une mCthode dite “diff&entielle” pour le calcul de la vitesse 
“instantannCe” p&s de la syzygie; Nicholaus de Heybech r&out ce mfme probleme B I’aide 
d’une table d’utilisation facile qui fournit des r&ultats aussi pr&cis que les precedents 
algorithmes. Cet exemple montre que les astronomes mCdi&aux pouvaient faire des apports 
remarquables ti I’astronomie sans modifier pour autant les modeles des mouvements des 
corps celestes. Q 1992 Academic Press. Inc. 
En este trabajo se compara el mCtodo de Ptolomeo (ca. 150) para determinar el tiempo 
entre la sicigia media y  la verdadera (es decir, entre la conjunci6n o la oposici6n media y  la 
verdadera del Sol y  de la Luna) con otros mCtodos de1 corpus alfonsino, en particular 10s de 
Juan de Sajonia (ca. 1330) y  de Nicholaus de Heybech (ca. 1400). Juan de Sajonia introdujo 
lo que hemos llamado un “mCtodo diferencial” para el c~lculo de la velocidad “instant8nea” 
cerca de la sicigia; Nicholaus de Heybech resolvi6 este problema mediante una tabla de fhcil 
manejo y  que proporciona resultados tan precisos coma 10s algoritmos precedentes. Este 
ejemplo pone de manifiesto que 10s astr6nomos medievales eran capaces de hater destacadas 
aportaciones sin necesidad de modificar 10s modelos de 10s movimientos de Los cuerpos 
celestes. 0 1992 Academic Press. Inc. 
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INTRODUCTION 
The calculation of eclipses was a major task for medieval astronomers, and the 
first step in this procedure was the determination of the time from mean to true 
syzygy (where syzygy means either the conjunction or the opposition of the Sun 
with the Moon). The basic approach given in Ptolemy’s Almagest was refined by 
subsequent astronomers in various ways. In the Latin West of the late Middle 
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Ages the corpus of Alfonsine astronomy held a dominant position. Of special 
interest in this tradition is the solution to this problem in Chap. 22 of John of 
Saxony’s canons for the Alfonsine Tables (ca. 1327) [l] as well as the solution 
attributed to Nicholaus de Heybech of Erfurt (ca. 1400) [2]. The text and table of 
Nicholaus de Heybech (see Appendix I) have not been discussed previously [3]. 
It will be shown that the method of Nicholaus de Heybech is much simpler than 
that of John of Saxony. In the same period another way to solve this problem by 
means of tables, introduced by Levi ben Gerson (d. 1344) and followed by Jacob 
ben David Bonjorn (fl. ca. 1361), has recently received extensive treatment [4]. 
Levi ben Gerson’s method requires the use of a set of four tables and calls for 
many more computations than the method of Nicholaus de Heybech. 
The Alfonsine tradition is identified with Alfonso X, king of Castile (Spain), who 
reigned from 1252 to 1284. He sponsored much scientific activity, and a number 
of astronomical works were written in, or translated into, Castilian at that time. 
The Alfonsine Tables are a special case because they are only extant in a Latin 
version produced in Paris in the 1320s and derivatives from it. It has even been 
argued that there never was a Spanish version prior to the Parisian one [see Poulle 
19881. The manuscript tradition of these tables is very complex and has not been 
adequately examined. For this reason, it has been customary to identify the Alfon- 
sine Tables with those published by E. Ratdolt in 1483 despite the difficulty in 
deciding which tables were intended to be so designated by the Parisian group in 
the 1320s let alone by the astronomers serving under Alfonso X. One of the 
characteristic features of the Parisian version (and the edition of 1483) is the 
division of the circle into “physical” signs of 60” rather than “natural” signs of 
30” that were prevalent in ancient and medieval astronomy [Poulle 1988, 1001. We 
refer to the entire manuscript tradition associated with these tables as the corpus 
of Alfonsine astronomy. 
We shall first discuss Ptolemy’s method and then the method presented by John 
of Saxony, neither of which is reduced to specific tables for this purpose. Then we 
turn to the method of Nicholaus de Heybech, who successfully presented his 
solution to this problem in a single table. We begin by introducing some definitions 
and notation. 
Let A,, &, A,, and &,, be the true and mean longitudes of the Sun and the Moon, 
respectively, at a mean syzygy that occurs at a given time t. The solar correction 
(c,) and the lunar correction (c,) are defined as 
C,(K) = A, - 1, 
and 
c,(E) = A, - x,, 
where i? is the mean solar anomaly and Z is the mean lunar anomaly. Note that for 
0” 5 K 5 180”, c, 5 0”; and that in the simple lunar model, for 0” I Z I 180”, 
c, I 0”. However, in Ptolemy’s complete lunar model c, depends on the mean 
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FIG. 1. The mean conjunction (x, = h,) at time t takes place after the true conjunction at time t’ (see 
Fig. 2). 
elongation 7 = Km - h, as well as on E. At mean syzygy 2r) = O”, whereas at true 
syzygy 2r) = o”, where 71 = h, - A, [5]. 
We add a prime symbol to all variables related to the true syzygy taking place 
at a time t’, corresponding to a mean syzygy that takes place at time t. Let At = 
t’ - t be the interval between the two events. When the true syzygy comes after 
mean syzygy, At is positive and h, < A,. Figure 1 illustrates a mean conjunction 
where A, > A, and At is negative; Fig. 2 illustrates the corresponding true con- 
junction. 
From the definition of At it follows that 
At = As - A, 
%W - u,(t)’ 
(1) 
where the functions u,(t) and u,(t) are the time dependent velocities in longitude 
of the Moon and the Sun. Since & = &, at mean conjunction, Eq. (1) can be 
written as 
At = x, + c, - 6, + c,) 
c - c, 
q&) - u,(t) = u,(d - u,(t)’ 
(2) 
The difficulties in assigning proper values to these functions in the calculation of 
At gave rise to a variety of approaches in the determination of the times of true 
syzygies. 
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FIG. 2. The corresponding true conjunction (A[ = A;) at time t’ takes place before the mean conjunc- 
tion at time f’ (shown in Fig. 1). 
The functions v,(t) and u,(t) are not tabulated in Ptolemy’s Almagest. For the 
calculation of At Ptolemy depended on the approximation u,(t)lu,(t) = l/13 [6]. 
Then Eq. (1) becomes 
At = -@In - A,) 
-137) =- 
urn(t) - l/l3 u,(t) 12 u,(t)’ (3) 
According to Ptolemy the next step is to compute u,,,(t) as a function of the lunar 
anomaly by means of a relation which, expressed in modern notation, is 
u,,,(t) = 0;32,56 + 0;32,40 AC, (4) 
where 0;32,56 “/hr is the hourly mean lunar velocity in longitude, 0;32,40 “/hr is 
the hourly mean lunar velocity in anomaly, and AC = c,(G) - c,(E - 1) is the 
difference in the lunar correction corresponding to one degree of mean anomaly 
at the time of mean syzygy. However, since Ptolemy’s table for the lunar correction 
(Almagest IV. 10) is arranged for intervals in the argument of 6” in the upper part 
and 3” in the lower part, the previous expression is stated as AC = 
(c,(E) - c,(Z - d))ld, where d is 6“ or 3”, as appropriate. At time t + At the true 
positions of the Sun and the Moon are to be computed anew. If there is still a 
sensible difference between them, this procedure is to be iterated. 
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THE ALFONSINE METHOD ACCORDING TO THE CANONS OF 
JOHN OF SAXONY [7] 
If the time cat which a mean syzygy takes place is known, the values for all the 
required quantities may be found and the time difference At from mean to true 
syzygy may be derived by means of a successive approximation procedure involv- 
ing two principal steps. 
1. First, it is necessary to compute a time interval r which yields the time 
of true syzygy, correct to the nearest hour. To do so, John of Saxony appeals to 
Ptolemy’s complete lunar model in which Ptolemy introduces an equation of center 
4, a function of 7. However, since q(T) = 0” at mean syzygy, the canons introduce 
an “equated” lunar anomaly (Y in order to determine a consistent value for u,. 
The relation proposed is 
13 cY=Z-jp, (5) 
where the mean lunar anomaly E and the elongation n are to be replaced by their 
values at mean syzygy. In the text, the elongation r) = A, - h, is called “longitudo 
lune” when r) > 0” and “longitudo solis” when q < 0”. The text offers no justifica- 
tion for Eq. (5) but clearly its purpose is to account for the change in lunar velocity 
in the time interval from mean syzygy to true syzygy. The lunar velocity will now 
be treated as a function of (Y rather than of 5, where (Y corresponds to the midpoint 
of the time interval from mean syzygy to true syzygy. 
To derive Eq. (5) let t be half the time interval from mean syzygy to true syzygy 
and (Y = Z - lYa * t, where U,, the hourly mean lunar velocity in anomaly, is 0;32,40 
“/hr. In Eq. (S), the coefficient 13/24 (=0;32,30) seems to represent an approxima- 
tion of V, . We further assume that the velocity in elongation from mean syzygy to 
true syzygy can be approximated by its mean value, l& = 0;30,29 “Ihr = f. It 
follows that the time, 2t, from mean syzygy to true syzygy equals VI/$, or 2r); hence 
t = 71. Note that in Eq. (5) 71 is therefore measured in hours. The value of u, 
corresponding to (Y is intended to represent the velocity of the Moon at the midpoint 
of the time interval from mean syzygy to true syzygy. The text assumes that the 
velocity of the Sun remains the same in this time interval. 
According to the canons, the time interval r is then computed by means of the 
relation 
-7 
’ = U,(CX) - U,(K) + 6’ 
where 6 = +O;O, 1 (]Int($] - 1) and where Int(r)) is the integer part of the elongation 
at mean syzygy (in degrees). When 6 = O”, Eq. (6) has the same structure as Eq. 
(I); that is, the difference in lunar and solar longitudes is divided by the difference 
in their velocities. Note, however, that in Eq. (6) lunar velocity is a function of 
the equated anomaly defined in Eq. (5) rather than the mean anomaly. In the text 
the difference between the lunar and solar velocities is called “superatio” and the 
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denominator of Eq. (6) is called “superatio equata.” The solar velocity in the time 
from mean conjunction to true conjunction is essentially constant; therefore, the 
term 6 is intended to modify the lunar velocity which changes noticeably in that 
same time interval. This term serves the same function in the Toledan Tables and 
Azarquiel’s almanach, and John of Saxony apparently followed the same tradition 
[8]. This adjustment to lunar velocity is no longer needed because Eq. (5) satisfies 
the same purpose. Indeed, 6 has no sensible effect on the value of r because its 
maximum of 0;0,6” is very small compared with the least difference in lunar and 
solar velocities (0;27,45” according to the Toledan Tables, or 0;27,47” according 
to the edition of 1483 of the Alfonsine Tables) [9]. 
The text presents rules for the algebraic sign of 6, but they are incomplete. The 
text just considers the case where the longitude of the Moon is greater than that 
of the Sun, i.e., n > 0”; this implies that true conjunction precedes mean conjunc- 
tion (At < 0), and that the lunar anomaly in that interval is always smaller than its 
value at mean conjunction. Under this circumstance, the text gives the corrected 
rule for the algebraic sign of 6: if QI 5 180”, then 6 2 o”, and vice versa. Unfortu- 
nately, the text uses the expression “longitudo” [ 101 instead of “longitudo lune” 
(r] > 0”) and omits any discussion of the case where n < 0” (“longitudo solis”). 
2. The second step requires the computation of a time interval T* to yield 
the time, correct to a minute of an hour, for the true syzygy: r* + T = At. In order 
to do so, the canons propose a “differential” method that involves calculating and 
comparing all the quantities at two different times 24 min apart (i.e., l/60 of a day): 
t + r and t + T + 0;l d. For a given time dependent variable x, let 
dx = x(t + T + 0;l) - x(t + T) 
be its variation in a minute (i.e., a sixtieth) of a day. According to the canons, the 
time interval T* is determined as 
* 
Q-* = 
dim’- dh,’ (7) 
where Q* is the elongation at time t + r. The denominator of Eq. (7) can also be 
written as 
dh, - dh, = h,(t + T + 0;l) - A&t + T + 0;l) - h,(t + T) + A&t + T) 
= q(t + 7 + 0;l) - q(t + 7) 
Since the mean elongation is no longer 0”, the lunar longitude has to be computed 
according to Ptolemy’s complete lunar model rather than the simple lunar model, 
both of which are represented in the Alfonsine Tables [ 111. 
The variation in elongation in a minute of a day, dq, is very nearly the “instanta- 
neous” velocity in elongation at the time of true syzygy. Analogously, dh, repre- 
sents the “instantaneous” velocity in lunar longitude in a minute of a day. 
To illustrate the method described in the canons to the Alfonsine Tables by John 
HM 19 NICHOLAUS DE HEYBECH 271 
TABLE I 
A WORKED EXAMPLE FORTHE MEAN CONJUNCTIONOF 20 JULY 1327 ACCORDINGTOTHE 
INSTRUCTIONS BYJOHNOFSAXONY 
t = 3;58, 10hr 1+7 t+r+r* 
(mean conj.) (T = -8; 43, 30 hr) I + T + 0; 1 d (T* = +O; 9, 49 hr) 
2, 4; 53, 30 
2, 3; 40, 35 
35; 25, 4 
2, 4; 53, 30 
2, 8; 26, 14 
3, 42; 26, 7 
3, 42; 26, 7 
0 
4; 45, 39 
2, 4; 32, 0 
2, 3; 19, 45 
35; 3, 34 
2, 0; 6, 5 
2, 3; 13, 15 
3, 37; 41, 8 
3, 36; 22, 22 
5, 51; 8, 10 
-0; 5, 29 
2, 4; 32, 59 
2, 3; 20, 42 
35; 4, 34 
2, 0; 19, 16 
2, 3; 28, 37 
3, 37; 54, 12 
3, 36; 39, 6 
5, 51; 32, 33 
0; 7, 55 
2, 4; 32, 24, 13 
2, 3; 20, 8, 2 
35; 3, 57 
2, 0; 11, 28, 50 
2, 3; 20, 7, 57 
3, 37; 46, 28, 42 
3, 36; 29, 12, 2 
5, 51; 18, 8, 55 
-0; 0, 0, 5 
of Saxony, we show in Table I some basic magnitudes (in degrees) involved in the 
computation of the true conjunction corresponding to the mean conjunction of 20 
July 1327, 3;58,10 h after noon [12]. True conjunction is estimated to take place at 
time t + r + r* = 3;58,10 hr - 8;43,30 hr + 0;9,49 hr = 19;24,29 hr (19 July 
1327) in Toledo. 
A NICHOLAUS AMONG ALL THE JOHNS 
The Latin tradition of the Alfonsine Tables was mainly developed by the group 
of astronomers who may be called “the Johns” (i.e., John of Murs, John of 
Ligneres, and John of Saxony), and also by such lesser known figures as John of 
Genoa and John of Montfort who computed tables for lunar velocities [ 131. Despite 
the differences of their tables in detail, all the Johns required two kinds of tables 
for the determination of the time of true syzygy: tables of correction and tables of 
velocity for each of the luminaries. However, some manuscripts within the Alfon- 
sine corpus contain a single table to solve this problem where all entries are given 
in units of time. The author of that table, according to its heading, is Nicholaus de 
Heybech of Erfurt, and this table is usually accompanied by a short canon ex- 
plaining its use. This canon adds that, after the time of true syzygy is determined, 
a correction is required to take into account the equation of time [14]. Both the 
canon and the table survive in several Latin manuscripts, often together with the 
Alfonsine Tables and Jacob ben David Bonjorn’s tables for syzygies. 
Nicholaus de Heybech’s canon and table are transcribed in Appendix I, based 
on the following manuscripts: 
B: Basel, Universittitbibliothek F.II.7, fol. 36r-37v (tables and canons); 
D: Dijon, BM 447, fol. 62r-v (canons); 
P: Paris, BN Lat. 7287, fol. 72r-73r (tables), fol. 86va-87ra (canons); 
P’: Paris, BN Lat. 7290A, fol. 103r-104r (tables). 
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FIG. 3. Graphical representations of the entries in the five columns of Nicholaus de Heybech’s Table 
at intervals of 6”. 
Thorndike and Kibre [1963, 1390, 1478, 15621 listed the first three as well as three 
other manuscripts: Bern 454, Cues 21 I, and Vat. Pal. 1376. Most of the information 
seems to have been taken from E. Zinner [1925]. 
The argument of the table is arranged at 1” intervals from 0” to 180” using signs 
of 60”. Column I has the heading “equatio solis” and the entries are displayed in 
hours and minutes; column II gives the “diversitas equationis solis” in hours and 
minutes; column III lists the “minuta proportionalia”; column IV displays the 
“equatio lune” in hours and minutes; and column V gives the “diversitas equa- 
tionis lune” in minutes of an hour. Figure 3 illustrates the five columns at 6 
intervals. 
The structure of the table suggests that the time interval between mean and true 
syzygy given by Eq. (2) is here distributed into two terms, each of which accounts 
for the role of one luminary: 
At = ” (‘Ill 
u,(t) - $0) - u,(t) - u,(t)’ 
(8) 
The calculation of the first, or solar term (At,), involves columns I, II, and III, and 
that of the second, or lunar term (At,,,), involves columns III, IV, and V. The 
strategy consists in treating each term separately, and within each term computing 
a set of minimum and maximum values and then to use an interpolation scheme 
for intermediate values. 
The solar term can be approximated as 
At, = cs - cm 
cs cs 
min(u,) - Es 1 min(u,) - U, - max(u,) - Cs ’ (9) 
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where IJ is the mean solar velocity (“/hr) and c,(Z) is a coefficient of interpolation 
ranging from 0 to 1, depending on the mean lunar anomaly, 5, and tabulated in 
col. III in minutes. When Z = 0”, the Moon reaches its minimum velocity, min(v,), 
and cJ?F) = 0. Hence Eq. (9) reduces to 
At, = ” 
min(u,) - U,’ (10) 
The values computed by means of Eq. (10) correspond to those tabulated in Cal. 
I. Analogously, when E = 180”, the Moon reaches its maximum velocity, max(u,), 
and c,(E) = 1. In this case, Eq. (9) reduces to 
At, = CS 
max(v,) - ijs’ (11) 
The values computed by means of the term in brackets in Eq. (9) correspond to 
those tabulated in Col. II. Let cl represent an entry in Col. I and c2 an entry in 
Col. II of Nicholaus de Heybech’s table: c, and cz are both functions of the mean 
solar anomaly, K. Then 
At, = c,(K) - c&K) . ~~(5). 
Similarly, the lunar term in Eq. (8) can be approximated as 
(12) 
At, = C, 
u,(E) - max (u,) - c,m 
C, C, 
u,(E) - max(u,) - u,((u) - min(u,) I ’ 
(13) 
where c,(Z) is a coefficient of interpolation ranging from 0 to 1, depending on the 
mean solar anomaly, K. Column III serves as the interpolation scheme for both 
the Sun and the Moon. When i? = O”, the Sun is at its minimum velocity, min(u,), 
and c&K) = 0. Hence Eq. (13) reduces to 
At, = Clil 
u,(E) - max(u,) ’ (14) 
The values computed by means of Eq. (14) correspond to those tabulated in Cal. 
IV. Analogously, when Z = 180”, the Sun is at its maximum velocity, max(u,), 
and c&i?) = 1. In this case, Eq. (13) reduces to 
At, = C, 
u,(Z) - min(u,)’ (15) 
The values computed by means of the term in brackets in Eq. (13) correspond to 
those tabulated in Col. V. Let c4 represent an entry in Col. IV and c5 an entry in 
Cal. V of Nicholaus de Heybech’s table: c4 and c5 are both functions of the mean 
lunar anomaly iii. Then 
At,,, = c,($ - c@). c,(K). (16) 
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Finally, from Eqs. (12) and (16) we find that the time from mean to true syzygy 
is 
At = At, - At, = c,(Z) - c*(E). c3((Y) - c&Z) + c,(Z). c&K). (17) 
In this equation the algebraic signs of c,(Z) and c:(K) are the same as the correspond 
ing sign of c,(i?), and those of cd(&) and c,(Z) are the same as that of c,,,(E). 
In the canon by Nicholaus de Heybech we are first told (sentences [5]-[S]) to 
compute the six quantities in Eq. (17); note that the sign convention for 
cd(Z) and c&?) differs from the one we have used. The rule for computing the 
second term is found in sentence [93, and sentence [IO] tells us to compute the 
difference between the first and the second terms, that is, the solar term, At,. In 
sentence [ 1 l] we are told to compute the fourth term, and sentence [ 121 tells us to 
compute the lunar term, that is, -At,,, (according to our convention). In sentences 
[13] and [14] we are given the rules for adding the solar and lunar terms. 
For the example given above (the mean conjunction of 20 July 1327), we find 
c, = -2;41 h c2 = -0;35 h c,(K) = 0;06 h, 
cd= +6;24h cs = +0;02 h c3(E) = 0;53 h, 
using as arguments i? = 35;25,4”andZ = 3,42;26,7”. The resulting time interval 
At is -8;34 hr, whereas the value according to John of Saxony’s method is 
- 8;33,41 hr. 
It is noteworthy that with the table of Nicholaus de Heybech essentially the 
same result is obtained with much less work; we also note that his entire procedure 
is in units of time restricted to two sexagesimal places. In contrast, John of 
Saxony’s procedure involves the computation of many intermediate quantities, 
most of which are not in units of time, and he does not specify the degree of 
precision of these quantities needed to assure the minutes of time in the ultimate 
result. 
Equation (17) incorporates the instructions in the canon of Nicholaus de 
Heybech’s table, and we have seen that, at least for the example presented above, 
the entries are reasonable. As was frequently the custom among medieval astrono- 
mers, Nicholaus de Heybech does not describe his method for computing the 
entries in his table. We now present our reconstruction of his method for computing 
the table. 
To recompute the entries in column I, we need to fix a set of values in Eq. (10). 
For the solar correction we use the values in the 1483 edition of the Alfonsine 
Tables; we consider min(v,) = 0;29,37,13 “/hr and V, = 0;2,27,51 “/hr. 
The first parameter is the minimum lunar velocity found in John of Genoa’s 
table, arranged at intervals of 6” and given to 3 sexagesimal places [15]. The value 
for the mean solar velocity ii, is derived from the table for mean solar motion in 
the editio princeps of the Alfonsine Tables. 
To recompute the entries in Col. II, we also have to fix the value for the maximum 
lunar velocity in Eq. (11): max(u,) = 0;36,58,54 “/hr, which is found in the same 
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table by John de Genoa mentioned above [ 161. The values in Cal. II are computed 
as the difference between those in Col. I and those found by means of Eq. (11) 
with the same argument. These parameters yield the entries in Cal. I and Cal. II 
quite closely (see Table II). It should be stressed that, restricting our attention to 
attested parameters, we obtain best agreement with the entries in column II using 
John of Genoa’s velocity table which contains an isolated error for the maximum 
entry, 0;36,58,54 “/hr (instead of 0;36,53,20 “/hr which is consistent with the rest 
of the table). The fact that this value is so much greater than any other strongly 
supports the claim that Nicholaus de Heybech indeed depended on this table by 
John of Genoa. As we shall see, the entries in column IV in Nicholaus de Heybech’s 
table also agree with recomputation based on this table by John of Genoa. 
The recomputation of columns I and II of Nicholaus de Heybech’s table is only 
displayed here for values of the argument in multiples of 6”, for it is likely that 
he derived the other entries by distributing them uniformly between the values 
calculated at 6” intervals. For instance, in Col. I, after finding 28 min for ic = 6”, 
one way to proceed would be to distribute 28 into six parts according to the 
sequence 5-5-5-5-4-4 (leading to the values 5, 10, 15,20,24, and 28, that actually 
appear in Nicholaus de Heybech’s table). After finding 57 min for ST = 12”, one 
can distribute 57 - 28 = 29 into 6 parts according to the sequence 5-5-5-5-5-4 
(leading to the values in Nicholaus de Heybech’s table: 33,38,43,48,53, and 57). 
These sequences generate smooth curves within each interval of 6”, but they are 
no longer smooth when considered as a whole. 
The results are shown in Table II, where C is the recomputed value and T - C 
is its difference from the value given in the text. 
We now argue that the coefficient c3, tabulated in column III (“minuta propor- 
tionalia”), has been recomputed according to the formula 
D - d(K) 
‘3= D-d 3 (18) 
where, in a simple eccentric model, D = 60 + e (the distance of the luminary at 
apogee), d = 60 - e (its distance at perigee), d(K) is its distance for a true anomaly 
K, and e is the eccentricity [17]. In a simple eccentric model, this interpolation 
coefficient is a function of K and e, but, as is shown in Table III, c3 does not depend 
strongly on the eccentricity, for similar results are obtained using 2;16 (the solar 
eccentricity corresponding to the maximum solar correction in the Alfonsine Ta- 
bles: 2;lO”) or 5;lO (the lunar eccentricity corresponding to the maximum lunar 
correction in these tables: 4;56”). This justifies the use of the same interpolation 
coefficient in both the solar and lunar terms of At (Eqs. 9 and 13). Note also that 
while the entries in Col. III have been computed with the true anomaly as argument, 
the instructions by Nicholaus de Heybech indicate that the argument for Col. III 
is the mean anomaly. Indeed, these instructions do not suggest that the true 
anomalies need be computed. In any event, the differences between entries com- 
puted with true, rather that mean, anomaly are small (less than 3 min in the worst 
case), and so there is little practical effect on the final result. 
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TABLE 11 
A RECOMPUTATION OF COLUMNS I AND II OF NICHOLAUS DE HEYBECH’S TABLE 
- 
Arg. I c 
0 hr hr 
6 0; 28 0; 28, 28 
12 0; 57 0; 56, 54 
18 I; 25 I; 25, 4 
24 1; 53 I; 52, 50 
30 2; 19 2; 18, 58 
36 2: 43 2; 43, 25 
42 3; 6 3: 5, 58 
48 3; 27 3: 27, 39 
54 3; 47 3; 47, 21 
60 4; 4 4; 4, 40 
66 4; 18 4; 18, 55 
72 4; 29 4; 29, 38 
78 4; 38 4; 37, 57 
84 4; 44 4; 43, 48 
90 4; 47 4; 47, 7 
96 4; 47 4; 46, 54 
102 4; 43 4; 43. 2 
108 4; 37 4; 36. 51 
114 4; 27 4; 27. I 
120 4; 14 4; 13. 58 
126 3; 58 3; 57, 53 
132 3; 39 3; 38, 37 
I38 3; I8 3; IS, 0 
I44 2; 55 2; 54, I3 
150 2; 29 2; 28, I7 
I56 2; I 2; 0, I4 
162 1; 32 1; 31. 52 
I68 I; 3 I; 2, 34 
174 0; 32 0; 31, 38 
180 0; 0 0 
T-C II c T-C 
min hr hr min 
- 
0 0; 6 0; 6, 4 0 
0 0: I2 0; 12, 9 0 
0 0; I8 0; IS, 8 0 
0 0; 24 0; 24. 4 0 
0 0; 30 0; 29, 38 0 
0 0; 35 0; 34, 50 0 
0 0; 40 0; 39, 40 0 
-I 0; 44 0; 44, I7 0 
0 0; 48 0; 48, 29 0 
-I 0; 51 0; 52, I1 -I 
-I 0; 54 0; 55, 13 -1 
-I 0; 57 0; 57, 30 -I 
0 0; 59 0; 59, 17 0 
0 1; I I; 0, 31 0 
0 1; I 1; I, I4 0 
0 I; I I; I, II 0 
0 I; 0 I; 0, 22 0 
0 0; 59 0; 59, 3 0 
0 0; 57 0; 56, 57 0 
0 0; 54 0; 54, 9 0 
0 0; 50 0; 50, 44 -I 
0 0; 46 0; 46, 37 -I 
0 0; 42 0; 42, I3 0 
fl 0; 38 0; 37, 9 +I 
+I 0; 32 0; 31, 37 0 
+I 0; 26 0; 25, 39 0 
0 0; 20 0; 19, 35 0 
0 0; I4 0; 13, 21 +I 
0 0 7 0; 6, 45 0 
0 0 0 0 0 
For our recomputation of Cols. IV and V, we have taken the values of the lunar 
correction c,(Z) from the 1483 edition of the Alfonsine Tables, u,(Z) from John 
of Genoa’s lunar velocity table, and from his solar velocity table the following 
values for the maximum and minimum velocities: max(u,) = 0;2,33,40 “/hr and 
min(u,) = 0;2,22,30 “/hr [Ml. 
These parameters are used to evaluate the time given by Eq. (14) which corre- 
sponds to Col. IV and the difference between it and that resulting from Eq. (15) 
with the same argument. It would seem that Nicholaus de Heybech increased the 
argument of lunar anomaly by 6” in calculating the lunar velocity in between mean 
syzygy and true syzygy. Hence Eq. (14) becomes 
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TABLE III 
A RECOMPUTATION OF COLUMN III OF 
NICHOLAUS DE HEYBECH’S TABLE 
Arg. 
0 
III 
min 
T - C for e = 2;16 
min 
T - C for e = 5; 10 
min 
10 I 0 
20 2 0 
30 4 0 
40 7 0 
50 11 0 
60 I5 0 
70 20 0 
80 25 0 
90 31 0 
100 36 0 
110 42 I 
120 47 2 
130 51 1 
140 54 I 
150 56 0 
160 58 0 
170 60 0 
180 60 0 
0 
0 
0 
-1 
-1 
-1 
-I 
-1 
0 
-I 
1 
1 
1 
0 
0 
0 
0 
0 
At, = 
c,m 
u,(E + 6) - max(u,) ’ 
and Eq. (15) is modified analogously: 
At,,, = 
c,m 
II,,,@ + 6) - min(u,)’ 
(19) 
Again, the recomputation is only displayed for the values of the argument in 
multiples of 6”. The results are shown in Table IV. The recomputed value according 
to Eq. (19) is C, and T - C is its difference from the value given in the text. 
The shift of 6” significantly diminishes the discrepancy between the text and the 
recomputed values, with the result that a value in the text is always within I min 
of time of the recomputed value. We note again that John of Genoa’s table for 
lunar velocity is arranged at intervals of 6” so that a shift of 6” is a shift of a line 
in the table. 
Column V is recomputed as the difference between the time found in column 
IV and the time found by means of Eq. (20) with the same argument. Table V 
displays Cal. V together with our recomputed values (the differences between the 
times found by means of Eq. (19) and Eq. (20)). Since the entries in Col. V are small 
and have a very limited range, the rounding procedure plays a more significant role 
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TABLE IV 
A RECOMPUTATIONOFCOLUMN IV OFNICHOLAUSDEHEYBECH'STABLE 
cu 
0 
c,(Z) 
0 
a+6 u,(z + 6) IV c T-C 
0 “lhr hr hr min 
6 0; 28, 28 
12 0; 56, 41 
18 1; 24, 27 
24 1; 51, 27 
30 2; 17, 29 
36 2; 42, 21 
42 3; 5, 46 
48 3; 27, 30 
54 3; 47, 20 
60 4; 5, 4 
66 4; 20, 27 
72 4; 33, 18 
78 4; 43, 28 
84 4; 50. 41 
90 4; 54, 54 
96 4; 55, 56 
102 4; 53, 38 
108 4; 48, 10 
114 4; 39, 15 
120 4; 27, 0 
126 4; II, 23 
132 3; 52, 47 
138 3: 31, 3 
144 3; 6, 35 
150 2; 39, 35 
1.56 2: 10, 26 
162 I: 39. 27 
168 1; 7. 6 
174 0; 33, 47 
180 0 
12 0: 29, 42, 6 
18 0; 29, 46, 17 
24 0; 29, 51, 51 
30 0; 29, 59, 31 
36 0; 30, 8, 34 
42 0; 30, 19, 43 
48 0; 30. 32. 15 
54 0; 30. 46. 53 
60 0; 31. 2, 55 
66 0; 31, 18, 55 
72 0; 31, 37, 45 
78 0; 31, 57, is 
84 0; 32, 16, 45 
90 0; 32. 39, 45 
96 0; 33, 8, 31 
102 0; 33, 30, 36 
108 0; 33, 49, 21 
114 0; 34, IO, 19 
120 0; 34, 35. 24 
126 0; 34, 58, 23 
132 0: 35, 18, 25 
138 0: 35, 38, 47 
144 0; 35, 57. 36 
150 0: 36, 13, 37 
156 0: 36, 28. 15 
162 0; 36, 38, 0 
168 0; 36, 46, 22 
174 0; 36. 53, 15 
180 0; 36, 58, 54 
- - 
I; 3 1; 2, 56 0 
2; 5 2; 4, 59 0 
3; 5 3; 5, 35 -1 
4; 3 4; 3, 47 -1 
4; 59 4; 59, 5 0 
5; 50 5; 50, 48 -1 
6; 38 6; 38, 24 0 
7: 21 7; 21, 10 0 
7; 59 7; 58, 48 0 
8; 31 8; 31, 22 0 
8; 58 8; 57, 36 0 
9; 18 9; 17, 53 0 
9; 32 9; 32, 19 0 
9; 40 9; 39, 25 +I 
9; 40 9: 38, 36 +I 
9; 34 9; 33. 37 0 
9; 23 9; 23, 34 -1 
9; 7 9; 6, 58 0 
8; 44 8: 43, 7 +1 
8; 15 8; 14, 16 +I 
7: 41 7; 40, 36 0 
7; 3 7; 2. 9 fl 
6; 20 6; 19, 9 fl 
5: 33 5; 32. 32 0 
4: 42 4; 42, 22 0 
3: 49 3; 49. 41 -I 
2; 54 2; 54, 25 0 
I; 57 I: 57. 17 0 
0; 59 0; 58, 53 0 
0; 0 0 0 
than in other columns. For this reason we have not displayed the differences 
between text and recomputation. 
CONCLUSION 
Our principal goal in studying the canon and the table of Nicholaus de Heybech 
of Erfurt was to understand their use in finding the time from mean syzygy to true 
syzygy, as well as to reconstruct his table. It turned out that it works very well 
for its intended purpose and is quite easy to use. 
When we review some of the different approaches prior to that of Heybech, we 
see that Ptolemy had already solved the problem by means of an iterative procedure 
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TABLE V 
A RECOMPUTATION OF COLUMN V OF 
NICHOLAUS DE HEYBECH’S TABLE 
279 
a V c Eq. (191 Eq. (20) 0 min min hr hr 
6 0 0; 26 = 1; 2, 56 - 1; 2, 30 
12 0 0; 50 = 2; 4, 59 - 2; 4, 9 
18 1 1; 15 = 3; 5, 35 - 3; 4, 20 
24 2 1; 39 = 4; 3, 47 - 4; 2, 8 
30 2 2; 1 = 4; 59, 5 - 4; 57, 4 
36 3 2; 20 = 5; 50, 48 - 5; 48, 28 
42 3 2; 36 = 6; 38, 24 - 6; 35, 46 
48 3 2; 53 = 7; 21, 10 - 7; 18, 17 
54 3 3; 6 = 7; 58, 48 - 7; 55, 42 
60 3 3; 17 = 8; 31, 22 - 8; 28, 5 
66 4 3; 25 = 8; 57, 36 - 8; 54, 11 
72 4 3; 29 = 9; 17, 53 - 9; 14, 24 
78 4 3; 34 = 9; 32, 19 - 9; 28, 45 
84 4 3; 34 = 9; 39, 25 - 9; 35, 51 
90 4 3; 30 = 9; 38, 36 - 9; 35, 6 
96 4 3; 20 = 9; 33, 37 - 9; 30, 17 
102 4 3; 20 = 9; 23, 34 - 9; 20, 14 
108 4 3; 12 = 9; 6, 58 - 9; 3, 46 
114 3 3; I = 8; 43, 7 - 8; 40, 6 
120 3 2; 50 = 8; 14. 16 - 8; 11, 26 
126 3 2; 35 = 7; 40, 36 - 7; 38, 1 
132 2 2; 22 = 7; 2, 9 - 6; 59. 47 
138 2 2; 6 = 6; 19, 9 - 6; 17, 3 
144 2 I; 50 = 5; 32. 32 - 5; 30, 42 
150 2 I; 33 = 4; 42. 22 - 4; 40, 49 
156 2 1; 15 = 3; 49, 41 - 3; 48, 26 
162 1 0; 57 = 2; 54, 25 - 2; 53, 28 
168 1 0; 38 = I; 57, 17 - I; 56, 39 
174 0 0; 19 = 0; 58, 53 - 0; 58, 34 
180 0 0 = 0 -0 
without recourse to any tables. On the other hand, John of Saxony’s method took 
advantage of solar and lunar velocity tables, while also introducing what we 
have called a differential method for computing an “instantaneous” velocity in 
elongation at a time very close to true syzygy. To be sure, a modern definition of 
a differential would require the evaluation of a function at two moments separated 
by an infinitesimal time interval. A value for the velocity very close to that obtained 
by the modern definition can be computed by taking a sufficiently small time 
interval, and John of Saxony set that interval as 0;l days. 
Less than a century after John of Saxony presented his method, Nicholaus de 
Heybech offered a much simpler alternative without sacrificing the accuracy of the 
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previous methods. First, instead of requiring many steps of computation, some of 
which called for tables while other did not, Heybech presented his solution in the 
form of a single table whose entries are given in time and whose arguments are the 
mean positions of the Sun and the Moon at mean syzygy, the initial values for all 
methods ofcomputation. Second, the use ofthe table involves very simple arithmetic 
operations in contrast to the complexity of John, of Saxony’s method. Nicholaus de 
Heybech has produced a “userfriendly” table for which he deserves much credit. In 
this respect he is following Ptolemy who, for example, established tables for finding 
planetary positions that replaced complex trigonometric computations. 
Both John of Saxony and Nicholaus de Heybech showed real insight into the 
ways Ptolemy’s models work and, on this basis, they were able to facilitate 
the computation of certain astronomical phenomena. This example shows that 
astronomers in the Middle Ages could make significant contributions without 
introducing any modification of the models for the motions of the celestial bodies. 
Finally, we wish to emphasize that it is inappropriate to define the corpus of 
Alfonsine Tables by the tables as they appear in the editio princeps, or by the 
canons of John of Saxony, or even to assign either of them any privileged status. 
Indeed, it has long been known that there is much more in the vast number of 
manuscripts within this corpus, but little attention has been paid to their contents. 
In this case study we have indicated the significance of Nicholaus de Heybech’s 
table and its dependence on a lunar velocity table by John of Genoa, neither of 
which is included in the restricted definition of the Alfonsine Tables. It is reason- 
able to expect that similar studies of other parts of this unexplored corpus would 
reveal hitherto unsuspected riches. 
APPENDIX I 
A. Text in Latin 
The text presented here is a transcription of Dijon BM 447, fol. 62r-v (D). Variant 
readings from other manuscripts are noted: Base1 F.II.7, fol. 37v (B) and Paris BN 
Lat. 7287, fol. 86va-87ra (P). Sentence numbers and punctuation are added by the 
editors. 
Canon super tabulas magistri nicholay de heybech 
[I] Tempus uere coniunctionis et oppositionis solis et lune per tabulas a magistro 
nicholao de heybech de erfordia compositas inuenire. [2] Scias tempus medie 
coniunctionis si uolueris coniunctionem ueram, uel tempus medie oppositionis si 
uolueris oppositionem ueram. [3] Scias eciam argumenturn solis et argumenturn 
lune ad idem tempus. [4] Quibus scitis et habitis intra primo cum argument0 solis 
in tabulam equationis temporis uere coniunctionis et oppositionis luminarium. [5] 
Et accipe equationem solis et scribe super earn m si argumenturn solis sit minus 
tribus signis phisicis, uel scribe a si sit plus tribus signis. [6] Accipe eciam ibidem 
diuersitatem equationis solis atque minuta proportionalia et scribe super ea solis. 
[7] Quibus habitis et seruatis intra postea cum argument0 lune in easdem tabulas 
in lineis numeri et accipe equationem lune in direct0 existentem et scribe super 
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earn a si argumenturn sit minus tribus signis, uel m si sit plus. [8] Accipe eciam 
ibidem diuersitatem equationis lune et minuta proportionalia et scribe super ea 
lune. [9] Istis habitis et seruatis accipe partem proportionalem de diuersitate 
equationis solis secundum proportionem minutorum lune ad 60. [IO] Quam partem 
proportionalem minue ab equatione solis prius seruata et habebis earn bene equa- 
tam. [ 1 l] Accipe similiter partem proportionalem de diuersitate equationis lune 
secundum proportionem minutorum proportionalium solis ad 60. [12] Quam 
partem proportionalem adde super equationem lune prius inuentam et habebis earn 
bene equatam. [13] Postea uide si super ambas equationes, scilicet solis et lune, 
scriptum sit a; tune adde eas simul cum tempore medie coniunctionis prius inuento 
et seruato; sed si super utramque equationem scriptum fuerit m, tune minue eas 
similiter ab eodem tempore. [14] Si uero super unam scriptum fuerit a et super 
aliam m, tune minue minorem equationem a maiori et residuum adde cum tempore 
predict0 si super maiorem scriptum fuerit a, uel minue si super maiorem scriptum 
fuerit m. [IS] Et sic habebis ueram coniunctionem solis et lune si operatus es ad 
coniunctionem, et similiter ueram oppositionem si operatus es ad earn reperien- 
dam, et hoc diebus non equatis, ad meridianurn loci ad quem predicta inquirebas. 
[ 161 Et ad istud tempus debent queri loca planetarum. [ 171 Si gradum ascendentem 
scire uolueris, oportet equare dies. [18] Intra ergo cum uero loco solis in tabulam 
equationis dierum cum suis noctibus et inuenies in direct0 graduum equationem 
dierum, scilicet sub signo illo in quo est sol. [ 191 Et si inueneris ibi gradus et minuta 
accipe pro quolibet gradu quatuor minuta hore et pro quolibet minuto quatuor 2” 
hore, que adde cum tempore predict0 quodlibet ad suum genus et proueniet tempus 
uere coniunctionis uel oppositionis diebus equatis. [20] Et cum illo debet queri 
ascendens et reliqua que pertinent ad figuram. 
Title: canon . . . heybech] om. B; post tabulas add. P coniunctionis solis et lune. 
[I] per tabulas . . compositas] om. B. 
[3] eciam] igitur P; idem] iddem B. 
[5] sit] om. P. 
[7] in easdem] easdem B D P. 
[9] post minutorum add. B proportionalium. 
[13] inuento et] om. B; similiter] simul B. 
[14] equationem] om. P; maiorem’] ipsam B et add. maiorem s. 1.; maiorem2] ipsam B. 
[17] si] si uero B. 
[18] ergo] igitur B; graduum] graduum ascendentem P; equationem] equationum B. 
[20] post figuram add. D et sic est finis secundum uasseun, add. P Et sic finis scripti Maruanti per 
me Mertinj anno domini 1447 12 die Julij. 
B. The Table of Nicholaus de Heybech of Erfurt for Finding the Time of 
True Syzygy 
The table presented here is a transcription of Base1 F.II.7, fol. 36r-37r (B). 
Variant readings from two other manuscripts are noted: Paris BN Lat. 7287, fol. 
72r-73r (P) and BN Lat. 7290A, fol. 103r-104r (P’). Column III is found before 
Col. II in P and P’. 
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MSS P and P’ share 28 errors (23 entries of Col. IV are shifted upward one 
place); P exhibits 5 additional errors and P’ just one. Therefore, we suggest that 
P was copied from P’ 
Title 
B: Incipit tabula equationurn temporis uere coniunctionis et oppositionis solis 
et lune ordinata per Nycholaum dictum de Heybech de Erfordia (f. 36r) 
P: Tabula equationurn uere coniunctionis et oppositionis solis et lune (signs are 
used for the last four words) secundum magistrum Nycholaum de Heybech de 
Erfordia (f. 72~) 
P’: Tabula equationurn uere coniunctionis et oppositionis solis et lune secundum 
magistrum Nycholaum de Heybech de Erfordia (f. 103r) 
Column headings 
Argument: Lineis numeri 
I : Equatio solis 
II : Diversitas equationis solis 
III: Minuta proportionalia 
IV: Equatio lune 
V : Diversitas equationis lune 
Argument I II III IV V 
s O/s o hr min hr min min hr min min 
0 l/S 59 0 5 0 1 
0 2/5 58 0 10 0 2 
0 315 57 0 15 0 3 
0 415 56 0 20 0 4 
0 515 55 0 24 0 5 
0 615 54 0 28 0 6 
0 715 53 0 33 0 7 
0 815 52 0 38 0 8 
0 915 51 0 43 0 9 
0 10/5 50 0 48 0 10 
0 11/5 49 0 53 0 11 
0 1215 48 0 57 0 12 
0 13/5 47 1 2 0 13 
0 1415 46 1 7 0 14 
0 1515 45 1 12 0 15 
0 1615 44 1 17 0 16 
0 17/5 43 1 21 0 17 
0 18/5 42 1 25 0 18 
0 19/5 41 1 30 0 19 
0 2015 40 1 35 0 20 
0 2115 39 1 40 0 21 
0 2215 38 1 44 0 22 
0 2315 37 1 49 0 23 
0 11 
0 22 
0 33 
0 43 
0 53 
1 3 
1 14 
1 24 
1 34 
1 45 
1 55 
2 5 
2 15 
2 25 
2 35 
2 45 
2 55 
3 5 
3 14 
3 24 
3 34 
3 43 
3 53 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 P, P’ : 1 
2 
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Argument I II III IV V 
s 7s a hr min hr min min hr min min 
0 2415 36 1 53 0 24 3 4 3 2 
0 2515 35 1 58 0 25 3 4 12 2 
0 2615 34 2 3 0 26 4 4 22 2 
0 2715 33 2 7 0 27 4 4 31 2 
0 2815 32 2 II 0 28 4 4 41 2 
0 2915 31 2 15 0 29 4 4 50 2 
0 3015 30 2 19 0 30 4 4 59 2 
0 3115 29 2 23 0 31 5 5 8 2 
0 3215 28 2 27 0 32 5 5 17 2 
0 3315 27 2 31 0 33 5 5 26 2 
0 3415 26 2 35 0 34 5 5 34 3 
0 35/5 25 2 39 0 35 6 5 42 3 
0 3615 24 2 43 0 35 6 5 50 3 
0 3715 23 2 47 0 36 6 5 58 3 
0 3815 22 2 51 0 37 7 6 6 3 
0 3915 21 2 55 0 38 7 6 14 3 
0 4015 20 2 59 0 39 7 6 22 3 
0 4115 19 3 3 0 40 8 6 30 3 
0 4215 18 3 6 0 40 8 6 38 3 
0 4315 17 3 10 0 41 8 6 46 3 
0 4415 16 3 14 0 42 9 6 53 3 
0 4515 15 3 17 0 42 9 7 0 3 
0 4615 14 3 20 0 43 9 7 7 3 
0 4715 13 3 24 0 44 10 7 14 3 
0 48/5 12 3 27 0 44 10 7 21 3 
0 4915 11 3 31 0 45 IO 7 28 3 
0 5015 10 3 35 0 46 11 7 35 3 
0 5115 9 3 38 0 46 11 7 41 3 
0 5215 8 3 41 0 47 11 7 47 3 
0 5315 7 3 44 0 48 12 7 53 3 
0 5415 6 3 47 0 48 12 7 59 3 
0 5515 s 3 50 0 49 12 8 5 3 
0 5615 4 3 53 0 49 13 8 11 3 
0 5715 3 3 56 0 50 13 8 16 3 
0 5815 2 3 59 0 50 14 8 21 3 
0 5915 1 4 2 0 51 14 8 26 3 
I o/5 0 4 4 0 51 15 8 31 3 
I l/4 59 4 6 0 52 15 8 36 3 
I 214 58 4 9 0 52 16 8 41 3 
I 314 57 4 11 0 52 16 8 46 4 
I 414 56 4 14 0 53 17 8 50 4 
1 514 5.5 4 16 0 53 17 8 54 4 
I 614 54 4 18 0 54 18 8 58 4 
I 714 53 4 20 0 54 18 9 2 4 
1 814 52 4 22 0 55 19 9 6 4 
1 914 51 4 24 0 56 19 9 9 4 P:55 
I 1014 50 4 26 0 56 20 9 12 4 
I 1114 49 4 28 0 57 20 9 15 4 P:56 
1 1214 48 4 29 0 57 21 9 18 4 
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Argument 
s “Is O 
I 11 III IV V 
hr min hr min min hr min min 
1 1314 47 4 31 0 57 21 9 21 4 
1 1414 46 4 32 0 58 22 9 24 4 
I 15/4 45 4 34 0 58 22 9 26 4 
I 16/4 44 4 35 0 58 23 9 28 4 
I 1714 43 4 37 0 59 23 9 30 4 I’:24 
1 18/4 42 4 38 0 59 24 9 32 4 
1 1914 41 4 39 0 59 24 9 34 4 
1 2014 40 4 40 0 59 25 9 36 4 
1 2114 39 4 41 1 0 26 9 37 4 
1 2214 38 4 42 1 0 26 9 38 4 
1 2314 37 4 43 1 0 27 9 39 4 
1 2414 36 4 44 1 1 28 9 40 4 
1 2514 35 4 45 1 1 28 9 40 4 
1 2614 34 4 45 1 1 29 9 40 4 
1 2714 33 4 46 i 1 30 9 40 4 
1 2814 32 4 46 1 1 30 9 40 4 
1 2914 31 4 47 1 1 31 940 4 
1 3014 30 4 47 1 1 31 9 40 4 
1 31/4 29 4 47 1 1 32 9 39 4 
1 3214 28 4 47 1 1 32 9 38 4 
1 3314 27 4 47 1 1 33 9 37 4 
1 3414 26 4 47 1 1 33 9 36 4 
1 3514 25 4 47 1 1 34 9 35 4 
1 3614 24 4 47 1 1 34 9 34 4 
1 3714 23 4 46 I 1 35 9 33 4 
1 3814 22 4 46 1 1 35 9 31 4 
1 3914 21 4 45 1 1 36 9 29 4 
1 4014 20 4 45 1 0 36 9 27 4 
1 41/4 19 4 44 1 0 37 9 25 4 
1 4214 18 4 43 1 0 37 9 23 4 
1 4314 17 4 42 1 0 38 9 21 4 
1 44/4 16 4 41 0 0 38 9 19 4 
1 4514 15 4 40 0 59 39 9 16 4 
1 4614 14 4 39 0 59 39 9 13 4 
1 4714 13 4 38 0 59 40 9 10 4 
1 4814 12 4 37 0 59 40 9 7 4 
1 49/4 11 4 36 0 58 41 9 4 4 
1 50/4 10 4 34 0 58 42 9 0 4 
1 51/4 9 4 32 0 58 42 8 56 4 
1 5214 8 4 30 0 57 43 8 52 3 
1 5314 7 4 29 0 57 43 8 48 3 
1 5414 6 4 27 0 57 44 8 44 3 
1 5514 5 4 25 0 56 44 8 40 3 
1 5614 4 4 23 0 56 45 8 35 3 
1 5714 3 4 21 0 55 45 8 30 3 
1 5814 2 4 19 0 55 46 8 25 3 
1 5914 1 4 17 0 54 46 8 20 3 
2 o/4 0 4 14 0 54 47 8 15 3 P, P’ : 16 
2 113 59 4 12 0 53 47 8 10 3 
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Argument 
s “Is O 
I II III IV V 
hr min hr min min hr min min 
2 213 58 4 10 0 52 48 8 4 3 
2 313 57 4 7 0 52 48 7 59 3 
2 413 56 4 4 0 51 49 7 53 3 
2 513 55 4 1 0 50 49 7 47 3 
2 613 54 3 58 0 50 49 7 41 3 
2 ?I3 53 3 55 0 49 50 7 35 3 
2 813 52 3 52 0 48 50 7 29 3 
2 913 51 3 49 0 48 50 7 23 3 
2 1013 50 3 46 0 47 51 7 I? 2 
2 1113 49 3 43 0 46 51 7 IO 2 
2 1213 48 3 39 0 46 51 7 3 2 
2 1313 47 3 36 0 45 52 6 56 2 
2 1413 46 3 33 0 45 52 6 49 2 
2 1513 45 3 29 044 52 6 42 2 
2 1613 44 3 25 0 43 53 6 35 2 
2 1713 43 3 22 0 43 53 6 28 2 
2 1813 42 3 18 0 42 53 6 20 2 
2 1913 41 315 0 41 54 6 13 2 
2 2013 40 3 11 0 41 54 6 5 2 
2 2113 39 3 7 0 40 54 5 57 2 
2 22/3 38 3 3 0 39 54 5 49 2 
2 2313 37 2 59 0 39 55 5 41 2 
2 2413 36 2 55 0 38 55 5 33 2 
2 2513 35 2 51 0 37 55 5 25 2 
2 2613 34 2 47 0 36 55 5 17 2 
2 2713 33 2 43 0 35 56 5 9 2 
2 2813 32 238 0 34 56 5 0 2 
2 2913 31 2 34 0 33 56 4 51 2 
2 3013 30 2 29 0 32 56 4 42 2 
2 3113 29 2 24 0 31 56 4 34 2 
2 3213 28 2 19 0 30 57 4 25 2 
2 3313 27 2 I5 0 29 57 4 16 2 
2 3413 26 2 IO 0 28 57 4 7 2 
2 3513 25 2 6 0 27 57 3 58 2 
2 3613 24 2 1 0 26 57 3 49 2 
2 3713 23 1 57 0 25 58 3 40 2 
2 3813 22 1 52 0 24 58 3 31 I 
2 3913 21 1 47 0 23 58 3 22 I 
2 4013 20 1 42 0 22 58 3 13 I 
2 4113 19 1 37 0 21 58 3 3 1 
2 4213 18 1 32 0 20 58 2 54 1 
2 4313 17 1 28 0 19 59 2 44 1 
2 4413 16 1 23 0 18 59 2 35 I 
2 4513 15 1 18 0 17 59 2 25 1 
2 4613 14 1 13 0 16 59 2 16 1 
2 4713 13 1 8 0 15 59 2 6 1 
2 4813 12 1 3 0 14 59 I 57 1 
2 4913 11 0 58 0 12 59 I 47 1 
2 5013 10 0 53 0 I1 60 1 38 0 
P:458, P’:3 58 
P. P’ : 55 
P, P’ : 52 
P, P’ : 49 
P, P’ : 46 
P, P’ : 43 
P, P’ : 39 
P, P’ : 36 
P, P’ : 33 
P, P’ : 29 
P, P’:25, P:O47 
P, P’ : 22 
P,P’ : 18 
P, P’ : 15 
P, P’: 11, P’:6 10 
P, P’ : 7 
P, P’ : 3 
P, P’ : 2 59 
P, P’ : 55 
P, PI:51 
P, P’ : 47 
P, P’ : 43 
P, P’ : 38 
P, P’ : 34 
P:42 
P, P’ : 0 
P, P’:O 
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Argument 
S O/s a 
I II III IV V 
hr min hr min min hr min min 
2 5113 9 0 48 0 10 60 1 28 0 
2 5213 8 0 43 0 9 60 1 19 0 
2 5313 7 0 38 0 8 60 1 9 0 
2 5413 6 0 32 0 7 60 0 59 0 
2 5513 5 0 27 0 5 60 0 50 0 
2 5613 4 0 22 0 4 60 0 40 0 
2 5713 3 0 17 0 3 60 0 30 0 
2 5813 2 0 12 0 2 60 0 20 0 
2 5913 1 0 6 0 1 60 0 10 0 
3 o/3 0 0 0 0 0 60 0 0 0 
Translation 
APPENDIX II 
The sentence numbers added to the Latin text have been retained in the transla- 
tion; words in square brackets have been added by the editors. Sentences [ 16]-[20] 
are virtually identical with John of Saxony’s canon to the Alfonsine Tables, Chap. 
22 [cf. Poulle 1984, 86, lines 127-1381. 
Canon for the Tables of Master Nicholaus de Heybech 
[l] To find the time of true conjunction and opposition of the Sun and the Moon 
by means of the tables compiled by Master Nicholaus de Heybech of Erfurt, [2] 
you must know the time of mean conjunction if you seek [the time of] true 
conjunction, or the time of mean opposition if you seek [the time of] true opposi- 
tion. [3] You must also know the solar argument and the lunar argument at that 
time; [4] and when these are known and obtained, first enter the table for the 
equation of the time of true conjunction and opposition of the luminaries with the 
solar argument. [5] Take the solar correction [in Col. I] and write above it “m” if 
the solar argument is less than 3 physical signs [i.e., 180”], or write “a” if it is 
greater than 3 [physical] signs. [6] Take also in the same place the difference of 
the solar correction [in Col. II] as well as the minutes of proportion [in Col. III], 
and write “Sun” above them; [7] and when these are obtained and recorded, then 
enter the same tables in the column [labelled] “argument” [Lat.: lineis numeri] 
with the lunar argument, and take the lunar correction opposite it [in Col. IV], and 
write above it “a” if the [lunar] argument is less than 3 [physical] signs, or “m” 
if it is more. [8] Take also in the same place the difference of the lunar correction 
[in Col. V] and the minutes of proportion [in Col. III], and write “Moon” above 
them; [93 and when these are obtained and recorded, take the proportional part 
from the difference of the solar correction according to the ratio of the minutes of 
the Moon to 60. [lo] Subtract this proportional part from the solar correction which 
was recorded previously, and you will have it well corrected. [I I] Similarly, take 
the proportional part from the difference of the lunar correction according to the 
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ratio of the minutes of proportion of the Sun to 60. [ 121 Add this proportional part 
to the lunar correction previously found, and you will have it well corrected. [ 131 
Then, see if there is an “a” written above both corrections, the solar and the lunar: 
then add together with them the time of mean conjunction previously found and 
recorded; but if there has been an “m” written above both of them, then subtract 
them from the same time in the same way. [14] However, if there is an “a” 
written above one of them and an “m” above the other, then subtract the smaller 
correction from the larger and add the remainder together with the predicted time 
if there has been an “a” written above the larger, or subtract [it] if there has been 
an “m” written above the larger one. [15] You will thus obtain for the meridian 
of the place for which you were seeking the predictions the true conjunction of 
the Sun and the Moon, if you were working to find the [true] conjunction, and 
similarly, the true opposition, if you were working to find it, but without the 
equation of time [Lat.: diebus non equatis]. [16] And the positions of the planets 
must be sought for that particular time. [ 171 If you wish to know the degree of the 
ascendant, it is necessary to equate the days. [18] Therefore, enter the table for 
the equation of time [lit.: the equation of the days with their nights] with the true 
solar position, and you will find the equation of time opposite [the number] of 
degrees, that is, beneath the sign in which the Sun is. [I93 If you find degrees and 
minutes there, take four minutes of an hour for each degree, and four seconds of 
an hour for each minute; and add these together with the predicted time, each to 
its own rank, and there results the time of true conjunction or opposition with the 
equation of time. [20] With that [time] you must seek the ascendant and the other 
[magnitudes] relating to the figure [of the sky for the horoscope]. 
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NOTES 
1. Editio princeps, Ratdolt [1483]; cf. Poulle [1984, 171. 
2. In a short note, Thorndike [1948] collects what little is known about Nicholaus de Heybech of 
Erfurt. His principal text is the canon and table to find the time of true conjunction and opposition of 
the Sun and the Moon. The date of composition of this text is uncertain but some of the manuscripts 
of it were copied in the 1440s. Thorndike adds that most of the manuscripts are of the fifteenth century 
but one manuscript, dated 1394, was in the Library of Grenville Kane, Tuxedo Park, New York (the 
present location of that manuscript is unknown to us). In addition to listing manuscripts of the text 
which will be discussed below, Thorndike reports that MS Koln W* 178 (fol. 29~) contains a table of 
mean conjunctions for the years from 1384 to 1504 computed for the meridian of Paris and ascribed to 
a certain “Nicholaus,” suggesting that it is the same author. In the manuscript we find the author’s 
name in the phrase given in the heading as “composta per Nycolaum de Er*” where the asterisk 
represents here a balloon-shaped symbol. However, it is by no means certain that this author is to be 
identified with our Nicholaus. Moreover, Hartmann [1919, 12-131 refers to a certain “Nicholaus de 
Heybech” who was registered as a student at Erfurt University in 1421, and he suggests that this might 
be our Nicholaus. According to Thomdike, in 1392 Nicholaus de Heybech completed a copy of Gerard 
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of Cremona’s l’/reon’cu PIunerurrrm. preserved in MS Cues 213. From this meager information we 
conclude that Nicholaus de Heybech was active circa 1400. 
3. A translation of the text of Nicholaus de Heybech appears in Appendix II. 
4. On Levi ben Gerson’s method, see Goldstein 11974, 136-144. 229-2411; on Jacob ben David 
Bonjorn see Chabas [1989, 26-39, and 19911. 
5. For a discussion of Ptolemy’s solar and lunar models see, for example, Pedersen [1974, 122-2021 
and Neugebauer [1969, 191-1981. 
6. Almagest VI.4; Toomer [l984, 2811; Neugebauer [1975, 1221; Pedersen [1974, 221-261. 
7. Poulle [l984, 80-871 
8. Toomer [1968, 851 and Millas [1943-1950, 2331 display a table of corrections to the hourly lunar 
velocity corresponding to S; the argument varies from I” to 7” and the entries from 0” to 6”. In al- 
Battani’s zij a similar table is found [Nallino 1907, 881, but here the argument varies from I” to 7” and 
the corresponding entries from I” to 7”. The tabulated function is thus 0;O.l ]Int(n)]. It would seem that 
for al-Battani this is a correction to the hourly velocity of the Moon to account for the change in lunar 
velocity in the time interval from mean to true syzygy. AI-Battani’s maximum argument of 7” reflects 
the maximum value of r) which for him is 7;O. IO”. The maximum entry in this table of 7” is an “average” 
(where the range is from 0” to I I”) for the effect on lunar velocity in degrees per hour corresponding 
to a change in lunar anomaly of about 3$ (corresponding to half the time for the Moon to reach the 
point of true conjunction). 
9. Toomer [1968, 821; Ratdolt [1483, fol. g6r-g7r]. In his canons, John of Saxony mentions a table 
by John of Ligneres for solar and lunar velocity, but it is not clear which set of entries is intended [cf. 
Poulle 1984, 821. 
IO. Ratdolt [1483. fol. blr, line 51; cf. Poulle [1984, 82, line 571. 
I I. Ptolemy’s table for his complete lunar model appears in Almagest V.8 [Toomer 1984, 2381. The 
corresponding table (with modified parameters) appears in the Alfonsine Tables [Ratdolt 1483, fol. 
e4r-e6v; cf. Poulle 1984, 148-1531. 
12. Poulle [1984, 214-2181 presents a worked example according to John of Saxony’s canons for this 
conjunction. We have recomputed all the magnitudes involved (using the tables, as he did, in the 1483 
edition of the Alfonsine Tables) and our results differ somewhat from his. For example, we compute 
the equation for the “centrum lune” according to John of Saxony and the appropriate tables in [Poulle 
I9841 at time t + T as - l;l8,46” whereas he found it to be - l;l3,47”. Despite the discrepancies, the 
resulting time of true conjunction is essentially the same in both computations. 
13. Nothing is known about John of Montfort except that, ca. 1332, he produced a table for solar 
and lunar velocities. John of Genoa was the author of a set of canons and tables for eclipses (also dated 
1332). and a computation for the solar eclipse of March 1337 according to the Alfonsine Tables [cf. 
Thorndike and Kibre 1963, Cols. 51, 61, and 16901. The tables for luqar velocity by John of Montfort 
and by John of Genoa are analyzed in Goldstein [1992 (in press)]. 
14. Nicholaus de Heybech refers to a table for the equation of time in the canon (see Appendix I 
[18]). His allusion to a table for the equation of time is simply copied from John of Saxony’s canon 
(Chap. 22). This table appears in the 1483 edition of the Alfonsine Tables (fol. klr-k2r) and has the 
heading “Tabula elevationum signorum in circulo directo.” It is arranged for signs of 30”, and each 
entry for the equation of time lies under each sign, as it is described both by John of Saxony and 
Nicholaus de Heybech in Appendix I: [18]. Note that this table was taken from al-Batani [cf. Nallino 
1907, 61-641 and already appeared in the Toledan Tables [cf. Toomer 1968, 34-351, and that Poulle 
[1984, 6, 2221 excluded it from the Alfonsine Tables. 
15. The Alfonsine corpus has many variant tables for lunar velocity (see Goldstein [1992 in press]) 
and there is no reason to assume that Nicholaus de Heybech would have used the version in the editio 
princeps of the Alfonsine Tables in which the minimum value is 0;30,21”/h. 
16. We use this value for the lunar velocity in John of Genoa’s table which appears in many 
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manuscripts, and hence it is textually secure. Nevertheless, it may have been miscomputed according 
to an analysis of the entire table: see Goldstein [1992 (in press)]. Other values for the maximum lunar 
velocity in the Alfonsine corpus are: 0;36,4”/h [cf. Goldstein 19801, 0;36,25”/h [Ratdolt 1483, fol. g7r] 
and 0;36,53”/h, ascribed to John of Ligneres [cf. Goldstein 19921. 
17. The argument for the distance is here the true anomaly in an eccentric model, whereas in the 
Almagest VI.8 [cf. Toomer 1984,308] Ptolemy presents a similar interpolation table based on the mean 
anomaly in an eccentric model [cf. Toomer 1984, 6541. 
18. See, for example, Paris BN Lat. 7282, fol. 129r-v; [cf. Poulle 1984, 2101 
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